We defined factors affecting the postoperative outcome in adult cardiac surgery with cardiopulmonary bypass (CPB). Thirty-two adult patients scheduled for elective cardiac surgery participated in this study. Levels of leukocyte, glutamic oxaloacetic transaminase (GOT), troponin-I (cTNI), interleukin-6 (IL-6), D-dimer and neuron-specific enolase (NSE) were significantly elevated, whereas platelet count declined in cardiac surgery with CPB. GOT and D-dimer levels at CPB-off each had a positive significant correlation significantly with 24 hrs-bleeding, total bleeding, mechanical ventilatory assist time, ICU stay time and length of hospitalization. BUN levels at CPB-off were directly related to total bleeding, mechanical ventilatory assist time, ICU stay time and length of hospitalization. Platelet count at CPB-off was inversely related to mechanical ventilatory assist time, ICU stay time and length of hospitalization. Creatinine concentration at CPB-off interrelated positively with mechanical ventilatory assist time and ICU stay time. NSE levels at CPB-off had a positive relationship with postoperative 24 hrs-bleeding. The length of hospitalization was prolonged proportionally to the elevation of cTNI levels in cardiac surgery. Aortic cross-clamping and total CPB times also related with increase of 24 hrs and total bleeding volumes and the length of hospitalization. IL-6 and ET-1 had no mutual relation with any postoperative outcome. These data suggest that GOT, BUN, creatinine, D-dimer and platelet levels are the most important factors affecting postoperative outcomes and patient's recovery in adult cardiac surgery with CPB.
Introduction
Despite improved surgical techniques and heart-lung devices, complications have an adverse and variable influence on the outcomes of cardiac surgery with cardiopulmonary bypass (CPB). Although CPB is fundamental for heart operations, it is associated with substantial postoperative morbidity and/or mortality. Exposure of blood to artificial surfaces such as oxygenator and heart-lung system leads to activations of leukocyte, complement, coagulation, cytokine, fibrinolytic, and kallikrein cascades [1, 5, 12] . These phenomenon, so-called systemic inflammatory responses, may affects patients' recovery after cardiac surgery. However, many researchers have argued about the factors affecting the postoperative outcomes after cardiac surgery with CPB. Especially, in recent years there has been considerable interest in controlling hospital costs.
Prolonged intensive care unit (ICU) stay and hospitalized days caused by postoperative outcomes are the main reasons for high hospital costs.
The purpose of our study was to assess those factors that affect the postoperative outcome after adult cardiac surgery with CPB. We considered postoperative mechanical ventilatory assist time, 24 hrs-and total-bleeding volumes, and the length of ICU and hospital stay as postoperative outcomes.
Materials and Methods

Patients
Thirty-two adult patients scheduled for elective cardiac surgery participated in this study. The criteria of exception in the present study were patients suffering cerebral problems, hematological, immunological, liver or renal disorders.
Cardiopulmonary bypass (CPB)
In CPB for their cardiac surgery, nonpulsatile five-head roller pump (Stökert Co., Germany), membrane oxygenator (Baxter Healthcare Co., America), arterial filter (Baxter Healthcare Co., America) and circuit tube (Gish Co., America) were utilized. Before the application of CPB system to the patients, heparin was administered via CVP (central venous pressure) line for maintaining above 500 sec of ACT (activated clotting time). The priming solution consisted of Hartmann solution, 15% mannitol (6 ml/kg), sodium bicarbonate (1 meq/kg), calcium chloride (0.6 g), ascorbic acid (1.0 g) and antibiotics (3 g) and was primed into CPB system for hemodilution (adjusting 20-25% of After CPB-weaning, heparin was neutralized by protamine (1.5 × administered heparin) administration.
Blood sampling and sample treatment
Blood samples were taken from radial artery on the preoperative, intraoperative and postoperative periods (expression as Pre-CPB, CPB-10m and CPB-off, respectively). 2 ml of blood was analyzed for the leukocyte and platelet counts. The rest of the blood sample (8 ml) was centrifuged (3,000 rpm for 10 min) and the separated plasma was frozen at -70 o C until the glutamic oxaloacetic transaminase (GOT) and glutamic pyrubic transaminase (GPT) (liver function marker), blood ureanitrogen (BUN) and creatinine (renal function marker), troponin-I (cTNI, cardiac marker), interleukin-6 (IL-6, proinflammatory cytokine), neuron-specific enolase (NSE, brain marker), endothelin-1 (ET-1, vascular marker), and D-dimer (fibrinolytic activation marker) assay were performed.
Assay of biochemical and organ markers assay All above mentioned parameters were analyzed on the three periods (Pre-CPB, CPB-10 min and CPB-off). GOT, GPT, BUN and creatinine levels were measured by chemistry autoanalyzer (Bayer, Japan) with each commercial kits (Bayer, Japan). NSE (immunoradiometric assay) and cortisol (RIA method) concentrations were measured by gamma-counter (Packard Co., America) with ELISA-NSE kit (CIS Bio international, America) and Coat-A-Count cortisol kit (DPC, America), respectively. IL-6 level (EIA method) was determined by Emax precision microplate reader (Molecular Device, America) with Quantikine HS human IL-6 kit (R&D System, America). ET-1 concentration was detected by Luminometer (Digene, America) with QuantiGlo human ET-1 kit (R&D System, America). cTNI level was measured by Immunology autoanalyzer (Bayer, America) with cardiac troponin-I kit (Bayer, America).
Indices for evaluating postoperative outcome
We assessed postoperative mechanical ventilatory assist time, 24 hr-and total-bleeding volumes, and the length of ICU and hospital stay for postoperative outcomes.
Statistical analysis
Data are presented as mean±SE (standard error). All pa- 
Results and Discussion
Characteristics of study population Tables 1 and 2 show the characteristics of study population. Patients had congenital or acquired heart diseases. Aortic cross-clamping and total CPB time were 87.37±3.20 hrs and 115.53±3.93 hrs, respectively (Table 1) .
Changes in hematology
Leukocyte count at CPB-10m decreased, while at CPB-off it increased compared with baseline (Pre-CPB) (p=0.02 and p=0.01, respectively, Table 3 ). Platelet counts were lower than baseline on CPB-10m and CPB-off (p=0.013 and p=0.04, respectively, Table 3 ). These findings indicate that CPB system causes inflammatory reactions and platelet activation and aggregation due to the oxygenator and sucker pump [1] [2] [3] [4] . D-dimer level at CPB-off (p=0.04) was significantly higher than that of Pre-CPB (Table 3 ). Increased D-dimer level due to CPB is recognized as activation of fibrinolytic system and may contribute to postoperative bleeding.
Biochemistry
GOT level at CPB-off was higher than that of Pre-CPB (p=0.04, Table 4 ), but not changed in GPT, suggesting impairment of liver function attributable to CPB. In contrast, BUN and creatinine concentrations, and the renal function marker, were not significantly changed during CPB (p>0.05, Table 4 ). (Fig. 1) . cTNI, as a part of the tropomyosin complex in myocardium, is released when cardiac damage occurs. cTNI represents a major marker in the evaluation of myocardial injury in patients after cardiac surgery [8, 10, 21] . Although cardioplegic solution is used for myocardial protection, some degree of myocardial injury takes place. Proinflammatory cytokine IL-6 is secreted from a number of cells, including macrophages, activated T-lymphocytes, endothelial cells, fibroblast and ischemic myocytes [13] . During CPB, the contact of the patient's blood to artificial surfaces of heart-lung machine system induces increased IL-6 production, which causes systemic inflammatory responses and multi-organ dysfunctions, Endothelin-1 (ET-1) level at CPB-10m slightly decreased and at CPB-off it tended to elevate but not significantly compared with that of Pre-CPB (p>0.05, Fig. 2 ). Endothelin with 21 amino acid residues is a potent vasoconstrictor polypeptide that possesses a variety of ,biological effects including the control of vascular tone [16, 22] . It consists of three isoform, endothelin-1, endothelin-2 and endothelin-3. ET-1 is selectively derived from the heart and lungs. In addition to cardiogenic shock, acute myocardial infarction, congestive heart failure, hypertension and severe cardiovascular stress, cardiopulmonary bypass brings about vessel injuries and raises circulatory ET-1 levels in blood [7, 9, 14, 23] . We found no significant changes in ET-1 levels during CPB, suggesting that our CPB protocol did not generate vascular damage.
Postoperative outcomes
Postoperative outcomes are summarized in Table 5 . Bleeding volume 24 hr after cardiac surgery was 562.67± Other variables including aortic cross-clamping and total CPB times also influence the recovery after adult cardiac surgery.
